The association between thrombosis and cancer is a double-edged sword: patients with cancer are at increased risk for venous thromboembolism (VTE), and standard therapy for VTE puts cancer patients at increased risk for bleeding. The risk for VTE in patients with cancer is 6 times higher than in people without cancer, 1 and thrombosis is the second most common cause of death in patients with cancer.
The association between thrombosis and cancer is a double-edged sword: patients with cancer are at increased risk for venous thromboembolism (VTE), and standard therapy for VTE puts cancer patients at increased risk for bleeding. The risk for VTE in patients with cancer is 6 times higher than in people without cancer, 1 and thrombosis is the second most common cause of death in patients with cancer. 2 One analysis that used Kaplan-Meier survival curves to evaluate patient discharge information, recorded through Medicare, after 6 months showed that patients with both cancer (all malignancies analyzed together) and VTE have a 94% probability of dying. This is more than twice the mortality rate for patients with malignant disease without VTE (42%) and 3 times the rate of patients with deep vein thrombosis (DVT) or pulmonary embolism (PE) without known concurrent malignancy (29%) during the same period. 3 In a recent analysis of mortality rates in cancer patients with VTE receiving chemotherapy as outpatients, the annualized death rate was 47-fold higher (95% CI, 6-89; P = .03) compared with the general population. 4 Approximately 1 of 7 deaths in hospitalized cancer patients are reportedly due to fatal PE, rather than their malignancy, and 60% of these patients had localized cancer or limited metastases that would have allowed for a better prognosis in the absence of fatal PE. 5 This strong association between cancer and the development of VTE may be attributed to inherent disturbances in the hemostatic mechanisms that cause hypercoagulability during active malignancy. Other thrombotic risk factors that commonly affect patients with cancer include frequent surgical procedures, periods of immobility, placement of indwelling central venous catheters, and use of chemotherapy, hormone therapy, and radiotherapy ( Figure 1 ). This review discusses extended VTE prophylaxis in cancer patients and compares vitamin K antagonist (VKA) therapy currently used for extended outpatient prophylaxis with low molecular weight heparins (LMWHs), which may be used for both long-term prevention and secondary prophylaxis in cancer patients. Importantly, although one study reported VTE complications in patients specifically with leukemia, 7 most studies discussed included mixed populations of patients with solid and hematologic cancer subtypes. Consequently, this review focuses mainly on the findings in solid tumors; the predominant type of cancer in each study has been mentioned for reference.
Background
Antithrombotic therapy, both treatment and prophylaxis, has been shown to reduce morbidity and mortality caused by VTE in patients with cancer. 8, 9 However, treating these patients with anticoagulants is challenging because of the increased risk for bleeding [10] [11] [12] [13] and recurrent VTE.
11-16
Prophylaxis with either LMWH or low-dose unfractionated heparin (UFH) is effective in cancer patients undergoing surgery or hospitalized for acute illness. For surgical cancer patients, the regimen should be adapted according to the type of surgery, and in cancer patients bedridden for medical illness, prophylaxis regimens should be administered as in other high-risk patients. 8 Additionally, a population-based cohort study by Heit et al., 16 reported that the risk for recurrent VTE is 2-fold higher in patients with cancer than in those without malignancy and that the risk of recurrence is further increased in patients with cancer receiving chemotherapy (4-fold increase in relative risk of recurrent VTE). Therefore, the treatment of VTE in cancer patients must be in proportion with the inherent risk of recurrence. Oral VKAs, particularly warfarin, have been the mainstay of therapy for secondary prophylaxis. However, VKAs have a narrow therapeutic index and are subject to a wide range of drug and food interactions. Maintaining therapeutic anticoagulation may be problematic, requiring regular monitoring and dose adjustment. This is particularly important in cancer patients because maintaining a therapeutic international normalized ratio (INR) in this population is difficult and these patients are at increased risk for adverse events. 6 Consequently, interest has grown in using LMWHs as an alternative for long-term therapy.
Limitations of VKA Anticoagulation in Cancer Slow Onset of Action
Warfarin therapy typically requires 3 to 5 days to reach therapeutic anticoagulation levels, 17 because the therapeutic effect depends on the levels of circulating vitamin K factors and because the pharmacokinetic profile is influenced by various genetic and environmental factors. Consequently, the guidelines of the American College of Chest Physicians (ACCP) strongly recommend (grade A, defined as a strong recommendation based on data from randomized clinical trials) "bridging" anticoagulation with either LMWH or UFH until therapeutic anticoagulation (determined by an INR) is achieved. 9, 17 Vitamin K1 (phylloquinone) can be used to reverse or interrupt anticoagulation in cancer patients who need emergency surgical procedures or who have chemotherapy-induced thrombocytopenia or bleeding. Alternatively, administration of recombinant clotting factors or transfusion with fresh-frozen plasma can also be considered in these patients. LMWHs have a stable pharmacokinetic profile, 18 and patients on LMWH prophylaxis often do not need anticoagulation reversed.
Maintenance of Therapeutic Anticoagulation
Patients receiving long-term oral anticoagulation require frequent monitoring of the prothrombin time to ensure that the INR remains within the target therapeutic range. Daily monitoring is needed at the beginning of treatment, but monitoring can usually be reduced to every 1 to 4 weeks after a stable dose response is achieved. However, anticoagulation levels reached using VKA are affected by factors such as vomiting, diarrhea, malnutrition, impaired gastrointestinal uptake, and liver dysfunction. Thus, anticoagulation status may need to be re-evaluated multiple times.
In addition, the anticoagulant effect of VKAs can be affected by a wide range of drug and food interactions (Table 1) . 17 Thus, the INR must be reconsidered whenever a new drug is added or removed from the patient's treatment regimen. For example, a high incidence of INR abnormalities has been reported in patients receiving fluorouracil (FU)-based chemotherapy concomitantly with minidose warfarin prophylaxis for catheter-associated thrombosis. 19 Some evidence also suggests that tamoxifen may potentiate the anticoagulant effect of warfarin. 17 Equally, agents such as aspirin and non-steroidal anti-inflammatory drugs (NSAIDs) may increase the risk of anticoagulant-related bleeding caused by inhibition of platelet function, their potential to cause gastric lesions, 17 and competitive binding of NSAIDs and warfarin to albumin.
Because of drug interactions and the metabolic side-effects of cancer therapy, cancer patients often have non-therapeutic INR values for a greater proportion of time than patients without cancer. [20] [21] [22] In one study that investigated the use of warfarin for the primary prevention of VTE in ambulatory patients with metastatic breast cancer, the INR was below the predefined target of 2.0 to 3.0 on 30% of days, on target for 46%, and above target for 24% of the time. 21 If an INR is subtherapeutic, the patient may be insufficiently protected against VTE; 11 conversely, a supratherapeutic INR puts the patient at risk for bleeding complications. 23 Because of the complexity of maintaining therapeutic levels of warfarin long-term, alternative approaches are being pursued. 21, 24, 25 
LMWH Therapy in Cancer Patients

Efficacy and Safety
A number of randomized clinical trials compared the efficacy and safety of LMWH with oral anticoagulant therapy for the prevention of recurrent VTE in patients with cancer. The Randomized Comparison of 21 Patients in the LMWH group had a lower incidence of recurrent VTE (9%; 27 of 336 patients) compared with the VKA group (17%; 53 of 336 patients; P = .002). This difference represents a 52% relative risk reduction in the LMWH group (Figure 2) . Mortality rates at 6 months were 39% in the dalteparin group and 40% in the VKA group (P = .53). Rates of major bleeding complications were similar in both treatment groups, 6% in the dalteparin group and 4% in the group receiving VKA (P = .27). 21 In a multicenter, randomized clinical trial, longterm (3 months) LMWH (tinzaparin) was compared with long-term VKA (warfarin). 26 An analysis of results from a subgroup of 200 cancer patients with acute symptomatic proximal-vein thrombosis showed a significant reduction in the frequency of recurrent VTE at 3 months with tinzaparin compared with warfarin (6% vs. 10%). This effect was maintained at 12 months, with a 7% rate of recurrent VTE in the tinzaparin group compared with 16% in the warfarin group (P = .044). Mortality, which was the same in the 2 groups (47%), was predominantly determined by cancer progression. Bleeding occurred in 27% of patients treated with LMWH tinzaparin and 24% of those treated with warfarin (absolute difference, -3%; 95% CI, -9.1-15.1). 26 The randomized, comparative, open-label Oncology and Enoxaparin (ONCENOX) trial of 102 patients with active malignancy and acute symptomatic DVT or PE showed that administration of a LMWH (enoxaparin, either 1.0 mg/kg or 1.5 mg/kg subcutaneous daily) for 180 days was as well tolerated and effective as LMWH given for 5 days followed by oral warfarin in the secondary prevention of VTE in patients with cancer. 27 The comparative safety and efficacies of LMWH and warfarin as long-term secondary VTE prophylaxis were evaluated in a meta-analysis of 7 randomized studies, including 1379 patients. 28 These studies involve general patient populations, but a high proportion (66%) were patients with cancer. LMWH was associated with a statistically insignificant reduction in the risk of recurrent VTE and the risk of major bleeding, with no difference in all-cause mortality (odds ratios were 0.66 [95% CI, 0. 28 A randomized trial involving 146 patients with mainly breast, urologic, or digestive tract cancer and with proximal DVT, compared 3 months of therapy with either warfarin or the LMWH enoxaparin for secondary prophylaxis of VTE. Warfarin treatment was associated with a 21.1% rate of recurrent VTE or major bleeding compared with a 10.5% rate in patients receiving LMWH enoxaparin, but this difference was not statistically significant (P = .09). 24 Overall, the incidence of major hemorrhage was 16% in the warfarin group compared with 7% in the enoxaparin group (P = .09).
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A meta-analysis of 11 studies evaluated whether the incidence of recurrent VTE differed between patients treated with LMWH and those treated with oral anticoagulants. In the 4 studies that involved cancer patients, the rates of recurrent VTE were 6.5% for LMWH and 12.6% for oral anticoagulants, corresponding to a significantly lower risk of recurrent VTE with LMWH (relative risk, 0.52; 95% CI, 0.35-0.76; 29 Safety findings were not included in this analysis.
Other studies have also suggested that LMWH is more effective than adjusted-dose oral VKA in reducing the incidence of recurrent VTE in cancer patients without increasing the risk of major bleeding events. 6, 30, 31 After Recurrent VTE During Warfarin Therapy LWMH has been found to be effective as extended prophylaxis in patients with cancer who have experienced recurrent VTE while on warfarin therapy. [32] [33] [34] One study suggests that long-term prophylaxis with LMWH may be of particular benefit in preventing recurrent VTE in high-risk patients with advanced or metastatic cancer who have suffered extensive primary thrombosis.
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Possible Survival Advantage and Antitumor Effects
In addition to the benefits of extended LMWH therapy in reducing VTE recurrence, increasing evidence suggests that LMWH therapy may improve cancer outcomes by increasing survival time and reducing the incidence of new tumors. The antitumor effect of anticoagulants was first demonstrated in a study associating warfarin use with an improvement in median survival in patients with small cell lung cancer. 35 A subgroup analysis of the all-cause mortality data in the CLOT trial showed that patients with solid tumors and no metastases who received LMWH had a 20% probability of death at 1 year compared with a 36% probability in patients receiving VKA. This translated to a 50% reduction in relative risk of death at 12 months with LMWH. 36 This survival benefit did not correlate with an increased incidence of bleeding complications. However, no survival advantage with LMWH was noted in patients with metastatic disease. 36 The randomized, placebo-controlled Fragmin Advanced Malignancy Outcome Study (FAMOUS) evaluated the effect of long-term dalteparin treatment on survival in patients with advanced malignancy. Although dalteparin did not significantly improve the overall 1-year survival rate, a survival benefit was seen in a subgroup analysis of patients with a good prognosis (i.e., those surviving > 17 months after randomization; mean survival time was 43.5 months in the dalteparin group and 24.3 months in the placebo group). No significant increase in bleeding complications was seen in the dalteparin group compared with the placebo group. 37 The Malignancy and Low Molecular Weight Heparin Therapy (MALT) trial also evaluated the effect of LMWH on survival rates. In this trial, patients with cancer but no known VTE were randomized to receive either nadroparin or placebo for 6 weeks. Treatment with LMWH was associated with a significant improvement in median survival time in the LMWH-treated patients compared with placebo recipients (8.0 vs. 6.6 months; P = .021). 38 A meta-analysis also showed improved survival in patients receiving LMWH. The pooled hazard ratio was 0.83 (95% CI, 0.74-0.99; P = .03) for all patients, and 0.86 (95% CI, 0.74-0.99; P = .04) in patients with advanced disease. The benefit of LMWH was consistent across the odds ratio, relative risk, and survival meta-analyses, and no significant increase in bleeding risk was seen (odds ratio, 1.51; 95% CI, 0.25-9.20; P = .65). 39 A more recent study in patients with small cell lung cancer showed that overall tumor response rates rose from 42.5% in patients given chemotherapy alone to 69.2% in those who received chemotherapy plus dalteparin (P = .07). Median overall survival increased from 8 to 13 months (P = .01). 40 In contrast with other studies, improvement in survival time reported in this trial was similar in patients with localized cancer and in those with metastatic cancer. 40 In a pilot study in small cell lung cancer, time to tumor progression was prolonged when enoxaparin was added to docetaxel chemotherapy. 41 The most likely mechanisms by which LMWHs exert antineoplastic effects include inhibition of angiogenesis, inhibition of coagulation proteases such as thrombin and urokinase-type plasminogen activator, and apoptotic effects most likely mediated through alteration of DNA expression.
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Current Recommendations for Extended Prophylaxis
Although data support the efficacy and safety of secondary prophylaxis with LMWH in patients with cancer, the optimal duration and dosing regimens for long-term use have not been established. Insufficient data are available to determine the optimal duration of anticoagulation. Recently updated ACCP guidelines recommend at least 3 months treatment with LMWH (grade 1A) followed by LMWH or VKA as long as the cancer is active (grade 1C; intermediate recommendation based on data from observational studies that may change when stronger evidence is available). 9 The LMWHs enoxaparin, dalteparin, and tinzaparin are approved for the treatment of DVT in the United States. Dalteparin is indicated for the extended treatment of symptomatic VTE (proximal DVT and PE) to reduce the recurrence of VTE in patients with cancer. 44 
Advantages of LMWH Therapy
LMWH therapy has a number of characteristics that translate into practical advantages: a favorable pharmacodynamic profile, resulting in a predictable and stable anticoagulant effect; rapid onset of action; high bioavailability; lack of drug and food interactions; and an elimination half-life of 3 to 6 hours. 18 LMWH can be given once daily as a subcutaneous injection, permitting outpatient treatment, and dose monitoring is not required (Table 2 ). These advantages may improve quality of life, reduce nursing time, and reduce recurrent VTE complications in high-risk cancer patients. Furthermore, as discussed in previous sections, LMWHs may also have direct anticancer effects that improve survival outcomes. 43 
Economics of LMWH Treatment and Prophylaxis
The average cost of treating a thromboembolic event is 50% higher in cancer patients than in the general patient population. The increased costs are due to both longer hospital stays and a higher incidence of bleeding complications. 45, 46 A recent economic analysis reported an average hospital stay of 11 days for patients with cancer and DVT at a cost of $1465 per hospital day in 1997 U.S. dollars ($1784 in 2002 dollars). 45 Outpatient VTE prophylaxis using LMWH has the potential to reduce costs associated with anticoagulation monitoring and reduce hospital stays in patients without bleeding complications. A study of 100 patients with VTE, of whom 20% had cancer, reported that more than half of the patients with cancer could receive secondary prophylaxis with LMWH at home successfully. 47 Therefore, although the acquisition costs of LMWH therapy are significantly higher than those of warfarin or acenocoumarol, these costs are offset by shorter hospital stays, reduced need for anticoagulant monitoring, and fewer bleeding complications.
A Canadian economic analysis was performed using data from the CLOT study to compare extended prophylaxis with daily subcutaneous injections of LMWH versus oral anticoagulation. 48 This analysis concluded that although the LMWH regimen was associated with an additional cost (Canadian $2159 per patient or $13,751 per quality-adjusted life years [QALYs]), it was also associated with a gain of 0.157 QALYs. The authors concluded that LMWH is an economically acceptable option for preventing recurrent VTE in patients with cancer.
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Patient and Physician Acceptance
Patient Acceptance and Adherence: Because LMWHs have simplified dosing regimens and do not require routine anticoagulation monitoring in most patients, patient acceptance and adherence of VTE prophylaxis may be improved compared with warfarin therapy. A study of long-term LMWH prophylaxis in patients with terminal cancer found that LMWH was well accepted and regarded as an improvement in care. 49 Another study found that patient adherence with anticoagulation therapy was 10% higher in the LMWH-treated patients compared with patients receiving warfarin. Outpatient Therapy: Outpatient LWMH therapy is feasible for many patients with cancer. 47, 50 In addition to shortening hospital stays because of reduced need for monitoring, this approach may also minimize hospital visits. Patients can be taught to self-inject under the supervision of a hospital-based nurse, and oncedaily self-injection of LMWH has been shown to be as safe and effective as LMWH therapy administered by a home-care nurse. 50 Assistance from home-care nurses or relatives may, however, be required for cancer patients who are incapable of self-injection, such as individuals who are elderly, have arthritis, or are sight-impaired. Physician Acceptance: Despite ACCP guideline recommendations advocating the use of LMWH therapy as first-line treatment, a recent review of medical records for 100 consecutive patients treated for cancerrelated thrombosis at an anticoagulation clinic found that only 19 patients received long-term prophylaxis with LMWH (the remaining 81 received either LMWH or UFH for 5-7 days followed by warfarin for 3-6 months). Of these patients, 32% did not receive long-term LMWH because the referring physician ordered long-term warfarin therapy. 51 For almost half the patients, long-term (3-6 months) LMWH was not used because the patient's medical insurance did not cover the cost and could not afford the out-of-pocket cost. Wittkowsky 51 emphasized the need for educational efforts to health insurance providers and greater exposure to evidence-based guidelines to improve the acceptance and implementation of long-term LMWH for cancer-associated thrombosis.
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Future Considerations and Issues
Many options are available for the future management of VTE in patients with cancer. LMWHs will continue to be important not only in preventing VTE but also in slowing rates of disease progression; several studies have shown that long-term cancer treatments, including LMWHs, prolong survival. However, this association, particularly the effects of differing drug regimens, cancer types, and their respective stages, requires further investigation.
Other agents are also under investigation for the treatment of VTE in patients with cancer, including fondaparinux, rivaroxaban, and dabigatran. Fondaparinux, by binding antithrombin, directly inhibits factor Xa, thus reducing the production of thrombin. In early trials, fondaparinux has been shown to be as effective as, or more effective than, LMWHs in preventing DVT. More studies are needed to delineate whether fondaparinux has the same survival benefit in cancer as LMWHs.
Rivaroxaban is another factor Xa-inhibitor currently under investigation. Phase II results suggest that, when used for 5 to 9 days in patients with elective total hip replacement, rivaroxaban showed a reduction in the combined endpoint of any DVT, non-fatal PE, and all-cause mortality (15% with dose of 2.5 mg twice daily vs. 17% with enoxparin 40 mg once daily), with a dose-dependent increase in the incidence of major postoperative bleeding. 52 Apixaban is another factor Xa-inhibitor currently under phase II development. 53 The direct thrombin inhibitor dabigatran has reported a dose-dependent decrease in VTE and bleeding complications in patients undergoing total knee or hip replacement. 54 However, the efficacy and safety profiles of rivaroxaban, apixaban, and dabigatran for the long-term, secondary prophylaxis of VTE have not yet been reported. Currently, 2 studies investigating the use of dabigatran for acute treatment and secondary prevention of VTE are ongoing and are expected to be finalized by the end of 2009.
Integral to the development of more effective anticoagulation for cancer patients is the need for further study into mechanisms of hypercoagulability with malignancy. Clearly, hemostatic pathways are linked to tumor progression and worse prognosis. A better understanding of the molecular pathways that facilitate neoplastic progression should improve our ability to treat both malignancy and associated VTE.
Conclusions
The risk of thrombosis in cancer patients is high even with the use of prophylactic anticoagulant therapy. Moreover, patients with cancer also have an increased risk of recurrent VTE despite prolonged prophylaxis, and may require a higher intensity of anticoagulation to prevent recurrence. Patients with cancer and VTE can benefit from effective extended thromboprophylaxis but are also at significant risk of bleeding during antithrombotic therapy. This issue is compounded by the problematic management of oral anticoagulants, such as warfarin, which until recently have been the mainstay of long-term prophylaxis in this patient group.
The recently updated ACCP guidelines recommend at least 3 months treatment with LMWH followed by LMWH or VKA as long as the cancer is active. 9 Studies suggest that for extended treatment and prevention of recurrence of VTE, LMWHs are associated with fewer thrombotic events and have at least a similar safety profile when compared with VKAs. Furthermore, LMWH has a more predictable anticoagulation profile, which is particularly important for cancer patients, who can have variable hemodynamics. The more predictable profile with LMWH leads to a reduced need for monitoring, and thus indirectly reduces the costs associated with treatment. Conversely, although LMWHs can be administered in an outpatient setting, they require subcutaneous injections, and VKAs are administered orally.
Additional research is needed to clarify the optimal intensity and duration of therapy for the different LMWHs and to further investigate their potential antitumor benefits. Further research is also needed to determine whether novel anticoagulants, such as direct factor Xa or thombin inhibitors, have a role not only in VTE prophylaxis and treatment, but also in the treatment of the cancers themselves. In the meantime, educational efforts are required to improve the acceptance and implementation of long-term LMWH therapy for cancer-associated VTE.
